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Background of the Invention 

Field of the Invention 

The present invention relates generally to the reliability and restoration of 
optical transmission systems. 

Related Art 



Telecommunications networks that carry telephone calls and data include 

j sv}es <* ywfs covet*- 

flu interconnected -components* that process calls and transfer data. Optical 

^ ^C£i£.S -A 

Oi transmission lines or links interconnect the ^ un ip u nciits. «Ralhei than lktv mg- 

A 
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High speed data is modulated on light waves which are transmitted 

through the optical network. Any type of data can be carried over an optical link, 

including but not limited to speech, data input into or retrieved by a computer or 

computer database, and any digital data. Fiber optic cables cany far greater 

CK. amounts of digital data than conventional electrical cables. A single -fiber- 

A 

operating at approximately 10 Gigabits/second (Gb/s) and transmitting data 
according to a high-speed synchronous digital hierarchy standard, such as the 
(A SONET OC-192 protocol, carries a data equivalent to 129,024 voice calls^^ 
^> A. ^ Furthcr -ba nd\vidt . h Jmprovement ca n be achieved by m odulatin^ diff e r e a fc^ 

tt ^ electrical da t a sign a l s on distinct light wave carriers having different frequencies^ 
This technique is known as wavelength division multiplexing (WDM). Optical 
systems using WDM require optical transmitters and receivers that operate at 
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different light wave frequencies. The optical transmission line, connecting an 
optical transmitter and receiver, can propagate many light wave signals of 
0u> different frequencies simultaneously. For example, 46 OC-192 eibiuiu band* 
K+l *r> channels can be carried on a single fiber pair with WDM» A method and system 
5 for WDM is described in copending U.S. Application A llu r i myD uiket N o . RIC - 

96-453 (1575.2550000), entitled, "Method and System for Modular Multiplexing 
and Amplification in a Multi Channel Plan," filed by Viet Le on September 4, 
1997, assigned to the assignee of the present invention and incorporated by 
reference herein. Another optical system is described in copending U.S. 
10 Application No. 08/672,808 entitled, "System and Method for Photonic Facility 

and Line Protection Switching," filed by John Fee on June 28, 1996, assigned to 
the assignee of the present invention, and incorporated by reference herein. 

Thus, fiber optic communications links, especially WDM communication 
links, carry vast amounts of information among distant sites to accomplish data, 
15 voice and image connectivity over a large geographical area. Optical 

transmission lines, transmitters and receivers, however, can fail. The failure of 
such components can have a substantial economic and practical impact on 
network users and network service providers. Therefore, in designing 
communications networks, special measures are practiced to assure utmost 
20 reliability of network components and survivability in the event of a failure. 

Two types of failures experienced in a telecommunications network are 
(fc, line failures and module failures. A ^ e hannc l in a telecommunications network 
has a transmitter and a receiver, which are also referred to as modules, and a line 
# between the transmitter and receiver. «Liae— fa ilures iinpaii ih^ optica l M 
25 & -commu nications line bctw eea-too-siteSp Line failures include damage to the 
physical fiber and optical component failure, such as the malfunction of 
0^ amplification eq^pment situated along -the physical path-ef the fiber optic cable. 
<X Line failures^ifiapfti* the communications line between two network sites. In 
*3(*^jty contrast, a failure of the transmit or receive equipment housed at either end of an 
30 optical communications link is referred to as a moduleTailure. Both line failures 

Sa^, > and module failures dk able th e- chaiure fr. 
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In the event of either a line or module failure, restoration techniques are 
used to restore the traffic temporarily until the failure is repaired. The restoration 
approach varies depending on the failure. Traffic may be restored using line 
protect switching (LPS) or network restorative switching (NRS). If the traffic is 
5 restored using LPS, iight termination equipment (LTE) switches the signal from 

the failed channel to a spare channel within the LTE. If the traffic is restored 
(x, using NRS, traffic is rerouted by switching the traffic to different routes-eifeee. 
(X^ ffl^nua Uj ^ baseVon information stored in switch tables or a pre-planned algorithm 
^^r^ store d i n the switcl^ ^ ^ 

10 y a, v^JLPS ensures resiliency to fiber cuts by employing a spare charmd *, referred 

y<ro 0^ to as the protect channel, that normally does not carry traffic but may be used as 
a back-up should a«haae©l-m-ttse fail. "The protect channel is on a different path 
in order to reduce the likelihood that the protect channel will experience the same 
failure as the channel in use. Creating and maintaining idle spare capacity is 
15 costly. In order to reduce costs, one spare channel is available for restoration of 

y*s$? \ multiple traffic carrying channels^When one protect channel is available to 
ft. I restore multiple traffic carrying char&els, LPS cannot restore a failure of more 
(X than one liaffti carrying channo l. LPS is primarily aimed at restoring single 

x i f) K 



Ou ^e nann o l failures and is implemented within LTE which is the local equipment that 
20 terminates the fiber optic cable. Since LPS is localized and simple, it is also very 

fast requiring only tens of milliseconds for restoring a failed communications 
link. 

Because telecommunications networks include high capacity optical 
cables such as WDM, the networks are susceptible to failures that disable a very 

25 large number of channels and which cannot be restored by LPS alone causing 

potential high volumes of traffic loss and significant economic impact. 
Accordingly, NRS is used to restore optical networks. Exchanges have the 
capability to reroute traffic automatically using switch tables or an algorithm to 
other transmission paths in the network. Exchanges which have switching 

30 capability are connected to LTE at each site and to other transmission paths in the 

network. When a fiBer cut or other major fiber failure occurs disabling a span 
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including a large number of telecommunications links between two switching 
nodes, NRS is employed by the exchange to reroute the traffic through the 
restoration network to circumvent the failure until repairs are completed. 

Line protect switching (LPS) and network restorative switching (NRS) 
5 have separate but complementary roles in a modern network design. The LPS can 

quickly restore simple localized failures without having to invoke the more 
complex NRS. In many applications, the LPS can switch traffic without causing 
any significant interruption to traffic. The NRS can handle network problems of 
a larger scope. 

10 However, current LPS techniques do not allow for the restoration of 

failures that involve more than one channel. Although current LPS reroutes the 
%Q traffic to a spare protect channel, only one protect channel is available to restore 

g (A^ multiple channels. Therefore, if the protect channel is in use restoring *f failure, 

subsequent failures cannot be restored using LPS. ^ 

m 

15 In addition, current NRS does not allow for restoration by components 

^ in the optical network via a restoration network, tffft-ifi currently em ployed hy 
e yrhanfles commonly used - to pr o vi d e ac c ess to the telecommunications network 
4, and switch -e aHs to mi s a ppropriate dest ination lather than by components in the — 
ft/ •o ptical network. As a icsult, awitcliing - to an alternate path is limited to exchange -. 
20 ^ l ocations -which ar e often housed p ioxiniate to areas of access to o thei^ 
i^ W^ mm n n i ' riliirii s ii Hwh i H \\\\\\ private ririhtmer } ' I mn innt i o n equipm e nt ^ 
Ou t ^tWtVmn i n m i h^ i m migdWi p^th <^t™* ^mir' I , i l ' i wit hi n the nptir n l p ptwnrlr 
Qts-l & r additi o n, NRS iciuutes tr affic to othci tiaffie causing eliamnlj. If traf f ic — 
Qt, - volum e s ar e high, as they may be duiing eeitain h o urs of the day and certain dayo 

■ year, the network may have insufficient capacity lo handle both the tfaffi e^ 
(h % that was allocated fo r the traffic carrying channels and the restoration traffic . ■» 
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Summary of thalnvention 

In the present invention, 4ightnermrn atic H fr equipment (LTE) sends an 

A. 

alarm to an optical cross connect switch (OCCS) controller to restore a failure 
when a protect channel is in use. The OCCS controller controls multiple optical 
cross connect switches (OCCSs) and addresses alarms by determining whether 
they can be restored. An OCCS is an optical switching device that interconnects 
numerous optical transmission lines to an optical restoration network. An optical 
restoration network includes complete restorative spans of telecommunications 
links connected by the OCCSs. 

The system of the present invention includes LTE, an OCCS, and an 
OCCS controller that are capable of restoring a second failure within one 
telecommunications cable. The LTE of the present invention can reroute optical 
and electrical signals to compensate for a failed component such as an optical 
transmitter, receiver, or transmission line. The present invention includes a 
protect, or spare, optical transmission line with which to replace a corresponding 
failed channel. The LTE can switch to the protect channel when a channel fails 
due to either line or module failure. The LTE of the present invention is also 
capable of determining the facility type of channel failures and sending an alarm 
to the OCCS to reroute failure of a line via the optical restoration network if one 
of the two failures is a line failure. 

The OCCS of the present invention can reroute optical and electrical 
signals to compensate for a channel that experiences line failure. However, the 
OCCS cannot restore a channel that experiences module failure. As a result, 
when two coincident failures, a line and facility failure, occur the present 
invention restores the line failure via the first OCCS switching and restores the 
module failure using the protect channel. 

The OCCS controller of the present invention is capable of receiving the 
alarm from the LTE notifying of a failure and sending a request to the OCCS to 
restore a failed line through the optical restoration network. 

The method of restoring coincident line and facility failures is employed 
when a subsequent failure is detected. The subsequent failure is analyzed to 
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determine the facility type of the failure. If the subsequent failure is due to a line 
failure, an alarm is sent to the OCCS and the subsequent failure is restored via the 
optical restoration network. If the subsequent failure is due to a module failure, 
the facility type of the previous failure is determined. If the facility type of the 
previous failure is failure of a line, an alarm is sent to the OCCS and the previous 
failure is restored via the optical restoration network. If the facility type of the 
previous failure is also failure of a module, an alarm is sent to the network 
management center indicating that a non-restorable failure has occurred. 

Further features and advantages of the invention, as well as the structure 
and operation of various embodiments of the invention, are described in detail 
below with reference to the accompanying drawings. 



Brief Description of the Figures 

The present invention is described with reference to the accompanying 
drawings, wherein> 

Figure X\s a block diagram of an optical restoration environment 
according to one^mbodiment of the present invention; 

Figure/2 is a block diagram of an optical cross connect according to 
one embodiment/ff the present invention; 

Figure^ is a flowchart of the operation of the optical cross connect 
according to one embodiment of the present invention; 

Figure AfK is a block diagram of the optical cross connect illustrating 
the use of a protect channel to restore a single line failure according to one 
embodiment of the present invention; 

Figure 4B is a block diagram of the optical cross connect illustrating 
the response to a first: and second line failure according to one embodiment of 
the present invention; 

Figure 4C is a block diagram of the optical cross connect illustrating 
the response to a second module failure and first line failure according to one 
embodiment of the present invention; and 
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Figure/5 is a block diagram of an optical cross connect switch 
controller according to one embodiment of the present invention. 

In the drawings, like reference numbers generally indicate identical, 
functionally similar, and/or structurally similar elements. The drawing in 
which an element first appears is indicated by the leftmost digit(s) in the 
corresponding reference number. 

Detailed Description of the Preferred Embodiments 

Table of Contents 

Overview 
Terminology 

Example Optical Restoration Environment 
Optical Cross Connect Network 
Restoration of Coincident Line Failures 

Overview 

The present invention provides a system and method of restoring 

subsequent failures within a telecommunications network. A system and method 

0U are provided for sending an alarm fro m -fi ght teuiiiiiaiiun r equipment (LTE) to an 

A 

optical cross connect switch (OCCS) controller. The OCCS controller addresses 
the alarm by determining whether to restore the failure by sending a command to 
an optical cross connect switch (OCCS). The OCCS controller can identify the 
facility type of the subsequent failure and retrieve the facility type of previous 
failures in order to ensure that a protect or spare channel is made available to 
restore a module failure in the event restoration of a module failure is needed. 

The system and method of the present invention is illustrated as operating 
in an exemplary telecommunications network that carries digitized voice between 
two individuals speaking on telephones. The present invention is further 
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illustrated within an exemplary optical cross connect network that is within the 
telecommunications network. However, the present invention is not limited to 
these environments and may be used in any network that requires restoration such 
as an X.25 network transmitting data. 

2. 0 Terminology 

Provided below is a brief description of the terminology used within this 
document. Additional description is provided in the following sections along 
with exemplary implementations and embodiments. However, the present 
invention is not limited to the exemplary implementations and embodiments 
provided. 

A "telecommunications network" is a network that carries information. 
The information may be digitized voice that is carried between two telephones or 
data that is carried between two computers. Several examples of 
telecommunications networks follow in the description of FIG. 1 , however, a 
telecommunications network is not limited to these examples. 

A telecommunications network may include termination equipment, 
optical cross connect switches, and optical cross connect switch controllers. 
"Termination equipment" is equipment that terminates a cable within a 
telecommunications network and typically provides modulation and 
demodulation functionality. Exemplary termination equipment is light 
termination equipment described further with respect to FIG. 1 and FIG. 2. 

An "optical cross connect switch" provides switching functionality within 
an optical network. An optical network is a network within a telecommunications 
network that is comprised of transmission facilities that carry optical signals. An 
optical network may provide high speed transmission and be capable of carrying 
a significant amount of data. 

"Optical cross connect switch controllers" accept information from 
termination equipment and use the information to provide commands to optical 
cross connect switches. Optical cross connect switch controllers are processors 
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with access to memory via a separate or an associated memory storage device 
such as a hard drive, disk, and/or standalone database. However, an optical cross 
connect switch controller is not limited to these embodiments and may be any 
capability to control one or more optical cross connect switches. More detail is 
given about optical cross connect switch controllers below. 

A "failure" is a component that experiences operational difficulties within 
the telecommunications network. A disabling event causes the failure of one or 
more components within the telecommunications network. If multiple failures 
occur, after the first failure occurs, a later failure is referred to as a "subsequent 
failure" and the first failure or a previous failure is referred to as a "previous 
failure." 

Components within the telecommunications network can be grouped into 
*\> types of components, such as lines and modules ^Fh e »failcd com p onen t is a typo 
of^omfXHientw^ A pieviuiibi failed componen t-is-^ 

CL afao a ty p e of component which is the "previous failed jk i ilily L^pef ^Pwcrftttted-* 
fi^faG &iy L^ ypes and previous failed facility - types arc -a-^ line f a ilme" which 4s-a 
£t f ailure of n l in e type component and a "module failuie" wliitli is a failure uf-a> 
^ modulo or cquipiiienl type cuiiiponcnt. - 



3.0 Example Optical Restoration Environment 



FIG. 1 is a block diagram of an optical restoration environment 101 
according to one embodiment of the present invention. Optical restoration 
environment 101 provides connectivity and switching capability for 
telecommunications services. An exemplary use for the optical restoration 
environment 101 is to restore channels in a network carrying a call placed by a 
caller on a first telephone 102 to a receiver on a second telephone 120. However, 
optical restoration environment 101 may be used to restore any voice or data 
traffic carried on a network. 

Optical restoration environment 101 includes a first telephone 102 used 
by a caller that is interconnected to a second telephone 120 used by a receiver via 
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a telecommunications network 122. Telecommunications network 122 includes 
a first exchange 104, an optical cross connect 1 16, a second exchange 118, and 
an optical restoration network 110. 

The first telephone 102 is connected to a first exchange 104 within the 
telecommunications network 122. The first exchange 104 provides switching 
functionality to connect to the appropriate telecommunications channel to 
establish service to the second telephone 120. The first exchange 104 is 
connected to optical cross connect 116 which is equipment that provides 
termination and optical switching for channels carried on an optical 
telecommunications cable 113. In addition, the optical cross connect 116 is 
connected to a second exchange 1 1 8 in order to establish connectivity via a 
channel link between the first telephone 102 and the second telephone 120. The 
second exchange 118 is connected to the second telephone 120 to provide 
switching and connectivity to second telephone 120. 

According to the present invention, the optical cross connect 1 16 is also 
connected to the optical restoration network 1 1 0 to provide restoration in the 
event of channel or cable failure. The optical cross connect 1 16 includes a first 
light termination equipment (LTE) 106 and second LTE 1 14. The optical cross 
connect 116 also includes a first optical cross connect switch (OCCS) 108 and a 
second OCCS 1 12. The first exchange 104 is connected to the first LTE 106. 
The first LTE 106 handles call termination, data rate conversion, and light protect 
switching (LPS) restoration functions. The first LTE 106 is connected to the first 
OCCS 108. The first OCCS 108 provides optical switching capability needed for 
network restoration switching (NRS) via the optical restoration network 110. The 
first OCCS 108 is connected to a second OCCS 112 for connectivity to the 
second telephone 120. The path between the first OCCS 108 and the second 
OCCS 1 12 is illustrative only. As would be apparent to a person skilled in the 
art, additional intermediate optical cross-connect switches and filters can be 
added in a point-to-point circuit or any network topology (eg. ring, mesh). In 
addition, the optical cross connect 116 includes an optical cross connect switch 
(OCCS) controller 1 1 1 which is connected to the first LTE 106, the second LTE 
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1 14, the first OCCS 108, and the second OCCS 1 12 to provide control and allow 
for rerouting via the optical restoration network 110. 

The first telephone 102 and second telephone 120 are used to place and 
receive calls via the telecommunications network 122. The first telephone 102 
and second telephone 120 are exemplary and may be any equipment that can be 
used to initiate or receive a call via a telecommunications network 122. 
Examples of other types of equipment that can be used to initiate and receive a 
call via the telecommunications network 122 are a wireless telephone, a pager, 
a personal computer and a modem. 

The first exchange 104 and second exchange 118 are exemplary 
exchanges within the telecommunications network 122. The first exchange 104 
and second exchange 118 provide switching capability to route a call via a 
telecommunications link that interconnects to the caller's destination. The first 
exchange 104 and second exchange 118 may be implemented using DMS-250 
switches manufactured by Nortel. 

The telecommunications network 122 may comprise many 
telecommunications networks including local exchange networks and 
interexchange networks. Typically equipment used to initiate and receive a call, 
such as first telephone 102 and second telephone 120, is interconnected to an 
exchange within a local exchange network. Therefore, exemplary first exchange 
102 and second exchange 118 are within a local exchange network. A local 
exchange network comprises switches and termination equipment within a 
localized area. An example of a local exchange network is a local telephone 
operating company network such as Bell Atlantic. If the caller is calling long 
distance, the local exchange network will send the call to an interexchange switch 
in an interexchange network. 

Similar to the local exchange network, an interexchange network 
comprises a plurality of switches, also referred to as exchanges, that are located 
throughout a geographic area. However, interexchange networks typically 
comprise of switches throughout a large geographic area to process long-distance 
telephone calls. For example, a national interexchange network comprises 
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switches located throughout the nation. When a call is routed to the 
interexchange network, it may be routed to one or more switches within the 
interexchange network. 

Optical cross connect equipment, such as exemplary optical cross connect 
1 16, is connected to the telecommunications cables within telecommunications 
network 122, such as exemplary telecommunications cable 113 between the first 
exchange 104 and second exchange 118. The optical cross connect 116 provides 
termination and switching functionality for signals carried on optical 
telecommunication cable 113. 

The optical cross connect 1 16 includes a first LTE 106 and a second LTE 
1 14. The first LTE 106 and second LTE 1 14 terminate the telecommunications 
cable 113. The first LTE 106 and second LTE 1 14 will be described in further 
detail with respect to FIG. 2. 

The optical cross connect 116 includes a first OCCS 108 and a second 
OCCS 112. The first OCCS 108 and second OCCS 112 can by any type of 
optical switch. For example, the first OCCS 108 and second OCCS 112 may be 
implemented using combinations of an integrated lithium niobate directional- 
coupler type switch. Other types of suitable optical switching technology include 
switches based on thermo-optic effect in polymer waveguides or silica glass, 
semiconductor amplification, piezo movement, and integrated indium phosphide. 
In addition, although a single first OCCS 108 and second OCCS 1 12 are shown 
for clarity, multiple discrete switches and couplers can be used to perform 
equivalent multiple-port optical switching. 

The OCCS reroutes traffic based on an algorithm. An exemplary 
algorithm is the Real-Time Multiple Wavelength Routing (RMWR) algorithm 
which uses collected data to select an alternate path based on wavelength 
information stored in a centralized database. RMWR is described in further detail 
copending U.S. Application No. 08/580,608 entitled, "Restoration System for an 
Optical Telecommunications Network" filed by Shoa-Kai Liu on December 29, 
1995, assigned to the assignee of the present invention, and incorporated by 
reference herein. An additional description of an algorithm used for rerouting 
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traffic is described in U.S. Patent No. 4,956,835 entitled, "Method and Apparatus 
for Self-Restoring and Self-Provisioning Communication Networks" filed by 
Grover on September 11, 1990 which is incorporated by reference herein. 

The first OCCS 108 and second OCCS 112 are connected to a 
telecommunications cable 113. The telecommunications cable 113 includes 
bidirectional optical fibers, line repeaters, and/or amplifiers. Alternatively, the 
telecommunications cable 113 may include long-haul, single mode fiber. The 
telecommunications cable 1 13 is not linked to these components and may be any 
transmission medium cable of carrying signals in a telecommunications network. 

The optical restoration network 1 10 is connected to the first OCCS 108 
and the second OCCS 112. The optical restoration network 110 comprises spare 
optical termination and cross connect equipment for restoration of traffic if the 
optical cross connect 116 in use fails. The optical restoration network 110 
includes a plurality of spare components including LTEs, such as the first LTE 
106 and the second LTE 1 14, OCCSs, such as the first OCCS 108 and second 
OCCS 112, and telecommunications cables, such as telecommunications cable 
113. 

The OCCS controller 1 14 is connected to the first LTE 106, the second 
LTE 1 14, the first OCCS 108, and the second OCCS 1 12. The OCCS controller 
1 1 1 can be connected to any number of LTE and OCCSs. The OCCS controller 
111 receives information from the first LTE 106 and the second LTE 114. If the 
information indicates that traffic must be rerouted, the OCCS controller 111 sends 
commands to the first OCCS 108 to reroute electrical signals via the optical 
restoration network 110. The OCCS controller 111 may be implemented using 
any processor or a plurality of distributed processors that are coordinated by a 
communication link not shown. 

4. 0 Optical Cross Connect Network 

FIG. 2 is a block diagram of optical cross connect 116. Illustrated within 
the first LTE 106 and the second LTE 114 are the transmitters, 206A, 206B, 
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206C, ... 206n, and the receivers, 210A, 210B, 210C, ... 210n. Each one of the 
transmitters 206 is connected to a corresponding one of the receivers 210 via one 
of multiple channels 214A, 214B, 214C, ... 214n within the telecommunications 
cable 113. Also within telecommunications cable 1 13 is a protect channel 212. 
The protect channel 212 is spare and is used for restoration if one of the channels 
214 in use fails. The protect channel 212 is connected to a transmitter 204 within 
the first LTE 106 and a receiver 208 within the second LTE 114. 

Although, both first LTE 106 and second LTE 114 have transmitters and 
receivers, transmitters 206 are shown only in the first LTE 106 and receivers 210 
are shown only in the second LTE 1 14 for clarity. The transmitters and receivers 
are typically in an array made up of pairs of transmitters and receivers. In FIG. 
2, each of the transmitters 206 would actually be a transmit and receive pair. 

Each of the transmitters 206 transmit a signal carrying a digitized voice 
of a caller or any other data that was sent by equipment that originated a call, 
which is shown in FIG. 1 as exemplary first telephone 102. In one embodiment, 
the transmitters 206 are modulated lasers, such as directly modulated 
semiconductor laser diodes or externally modulated lasers. Each one of the 
transmitters 206 is connected to one of the multiple channels 214 within the 
telecommunications cable 113. The transmitters 206 transmit signals via the 
channels 214 within the telecommunications cable 1 13 to the receivers 210. 

Similar to the transmitters 206, each one of the receivers 210 is connected 
to one of the multiple channels 214 within telecommunications cable 113 to 
receive signals from the corresponding one of the transmitters 206. The receivers 
210 demodulate electrical signals from the light wave signal of the corresponding 
carrier frequency. Receivers 210 can bp optical detectors or any equipment that 
can receive and transduce the transmitted signal. 

In one example, each one of the channels 214 within telecommunications 
cable 1 13 is an optical channel within a fiber optic cable. The signals within an 
optical fiber are modulated using various frequencies which allow one fiber optic 
cable to carry a large number of channels. As mentioned above, this technique 
is referred to as wavelength division multiplexing (WDM). Example 
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transmitters, receivers, and fiber optic cables and WDM are described in further 



detail in the above referenced application A A tton re y HE)o6 ket No. -RTC^ftM-^ 
(1575.2550000). In addition, transmitters, receivers, and fiber optic cables are 
described in the above-referenced '808 application. Further description of 
transmitters, receivers, and fiber optic cables is given by Daniel Minoli in chapter 
7 of his book entitled, "Telecommunications Technology Handbook," Artech 
House, Inc. (1991) incorporated herein by reference. 

Each of the channels 214 (also referred to as traffic carrying channels) 
carry normal non-restoration traffic within the telecommunications cable 113. 
The protect channel 212 is an optical channel within a fiber optic cable that is 
achieved by modulating a signal at a particular frequency. Also, the transmitter 
204 that transmits via the protect channel 212 is a modulated laser like the 
transmitters 206 on the other channels 214. The transmitter 204 may be 
implemented using the same technologies as the transmitters 206 on the other 
channels 214 within the telecommunications cable 113. Like the receivers 210 
that receive signals from the traffic carrying channels 214, the receiver 208 on the 
protect channel 212 demodulates the received signal. The receiver 208 may be 
implemented with the same technologies as the receivers 210 that receive signals 
from the other channels 214. 

Both the first LTE 106 and the second LTE 1 14 have processors referred 
to as the first LTE processor 216 and the second LTE processor 218, respectively. 
The first LTE processor 216 is connected to each of the transmitters 206 to obtain 
information about whether each of the transmitters 206 is in use and whether the 
transmitters 206 are experiencing operational difficulties. Similarly, the second 
LTE processor 21 8 is connected to each of the receivers 210 to obtain information 
about whether each of the receivers 210 is in use and whether the receivers 210 
are experiencing operational difficulties. The first LTE processor 216 and the 
second LTE processor 218 are connected to the protect channel transmitter 204 
and protect channel receiver 208, respectively to obtain information about 
whether the protect channel 212 is in use and whether the protect channel is 
experiencing any operational difficulties. The first LTE processor 216 and 
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second LTE processor 21 8 are any processor that can obtain information from and 
coordinate among the components with a first LTE 106 or second LTE 114. 

5.0 Restoration of Coincident Failures 

FIG. 3 illustrates a restoration process 301 according to the present 
invention. FIG. 3 will be described with reference to the example of FIGS. 4 A, 
4B, and 4C which illustrate various failures of channels 214 within 
telecommunications cable 113. 

In step 304, either the first LTE 106 or the second LTE 114 detects a 
failure 404 in channel 214A. The first LTE 106 may detect a failed transmitted 
206. A single optical detector at the second LTE 1 14 can detect a failure and 
send a fault signal to the second LTE processor 210 within the second LTE 114. 
Failure 404 may be detected electrically at first LTE 106 using conventional loss 
of signal techniques. Alternatively, failures may be detected by multiple optical 
detectors (not shown) along the channels 214. If an optical detector detects a 
failure on one of the channels 214, the optical detector will send a fault signal to 
the first LTE 106. Various methods of optical failure detection including optical 
and electrical detection techniques can be used including those that are described 
further in co-pending U.S. Application No. 08/580,391 entitled, "Method and 
System for Detecting Optical Faults Within the Optical Domain of a Fiber 
Communication Network," filed by Shoa-Kai Liu on December 28, 1995 which 
is assigned to the assignee of the present invention and is incorporated by 
reference herein. 

In step 306, either the first LTE 106 or the second LTE 114, whichever 
detected the failure, determines whether the protect channel 212 is in use. A 
determination of whether the protect channel 212 is in use is made to evaluate 
whether the protect channel 212 is available to restore the detected failure. FIG. 
4A illustrates a single line failure in which the protect channel is available to 
restore the detected failure 404. If the protect channel 212 is not in use, the 
protect channel 212 is available to restore the detected failure 404 and the first 
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LTE 106 proceeds to step 308. If the protect channel 212 is in use, the first LTE 
106 proceeds to step 309 and sends an alarm to the OCCS controller 111. 

In step 308, traffic is restored by the first LTE 106 on the protect channel 
212. FIG. 4A illustrates using the protect channel 212 to circumvent the single 
line failure 404. The incoming line to the first channel 214A is interconnected 
to the protect channel transmitter 204 rather than the first channel transmitter 
206 A. The protect channel 212 provides connectivity that circumvents the failed 
channel 214A. The protect channel receiver 208 within the second LTE 114 
receives the signal and sends the signal to the next component that will receive 
the signal and provide connectivity to the final destination, for example the 
second exchange 1 1 8 as shown in FIG. 1 . 

FIGS. 4B and 4C illustrate multiple failures within telecommunications 
cable 113. If the protect channel 212 is in use, step 309 is performed to restore 
the detected failure. In step 309, the first LTE 106 or second LTE 1 14, whichever 
detected failure 404, sends and alarm to the OCCS controller 111. The 
information is sent by first LTE processor 216 or the second LTE processor 218. 
The first LTE processor 216 obtains the information from one of the transmitters 
206. The second LTE processor 218 obtains the information from one of the 
receivers 210. The first LTE processor 216 and the second LTE processor 218 
send the OCCS controller 111 information including whether the failure is a line 
failure or a module failure. 

A failure on a channel 214 may be either a line failure or a module failure. 
A line failure is a failure of the channel 214 between the transmitter 206 and the 
receiver 210. FIG. 4B illustrates a first line failure 404 and a second line failure 
406. Transmitters 206 and receivers 210 are also referred to as modules. A 
module failure is a failure of either a transmitter 206 or a receiver 210. FIG. 4C 
illustrates a first line failure 404 and a second module failure 410. 

The first LTE processor 216 can determine if the transmitters 206 (or 
associated receivers or modules not shown but collocated with each of the 
transmitters 206 within the first LTE 106) fail. The second LTE processor 218 
can determine if the receivers 210 (or associated transmitters or modules not 
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shown but collocated with each of the receivers 210 within the second LTE 114) 
fail. If a transmitter, receiver, or other module fails, a module failure, also 
referred to as an equipment failure has occurred. Both the first LTE processors 
2 1 6 and the second LTE processor 218 can report to the OCCS controller 1 1 1 that 
a module failure occurred. If a line failure occurs, the photodetector within the 
one of the receivers 210 that corresponds to the failed channel will detect a loss 
of light and the second LTE processor 218 can determine that a line failure 
occurred and report that a line failure occurred to the OCCS controller 111. 

If a line failure occurs, two alarms may be sent to the OCCS controller 
1 1 1 . A photodiode within the second LTE 114 may detect a failure by detecting 
a loss of light and a receiver associated with transmitter 206 may detect a loss of 
communication with the second LTE 114. If both the first LTE 106 and the 
second LTE 114 send alarms for the same failure, the OCCS controller 111 can 
coordinate the alarms and determine that one failure occurred. 

In step 3 1 0, the OCCS controller 1 1 1 identifies the type of the new failure 
using the information received from the first LTE 1 06 and/or the second LTE 
1 14. The type of failure, either line or module, is determined in order to determine 
how to restore the failure. According to the present invention, line failures, such 
as first line failure 404 and second line failure 406, are restored either on the 
protect channel 2 1 2 or via the optical restoration network 1 1 0. The first LTE 1 06 
restores a single module failure 410 on a protect channel 212 as described earlier 
with respect to steps 306 and 308. If multiple failures occur and the protect 
channel 212 capacity is insufficient to restore all of the failures, in step 310 the 
type of failure is determined in order to ensure that if the multiple failures include 
a module failure 410 and line failures, such as first line failure 404 and second 
line failure 406, the module failure is restored on the protect channel 212 and the 
line failures are restored on the optical restoration network 1 10. 

If the type of new failure is a line failure, the OCCS controller 111 
proceeds to step 312 to provide restoration through OCCS restoration actions 
using the optical restoration network 110. If the type of new failure is a module 
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failure, the OCCS controller 111 proceeds to step 314 to obtain additional 
information in order to determine how to restore the failure. 

In step 3 12, the OCCS controller 1 1 1 sends a command to the first OCCS 
108 to restore the new failure. If the new failure is a second line failure 406 as 
illustrated in FIG. 4B 5 then the second line failure 406 can be restored on the 
optical restoration network 110. Determining the facility type and rerouting the 
previous failure 404 are unnecessary because the second line failure 406 can be 
restored without affecting the previous failure 404. 

The second line failure 406 is restored by the OCCS controller 1 1 1 
sending an alarm to the first OCCS 108. When the first OCCS 108 receives the 
alarm, the first OCCS 108 switches to reroute the optical electrical signals that 
were to be carried on the failed channel 214C via the optical restoration network 
110. The optical electrical signals take a path from the transmitter 206C within 
the first LTE 106 through the first OCCS 108 through a path 408 in optical 
restoration network 110 to the second OCCS 114 which is connected to the 
receiver 2 10C within the second LTE 1 14 that receives the signal. When the 
second line failure 406 is repaired, the first OCCS 108 will reroute the electrical 
signals back to channel 214C. 

In step 3 14, the OCCS controller 1 1 1 retrieves the type of previous failure. 
The OCCS controller 1 1 1 retrieves the information from the first LTE processor 
216 or the second LTE processor 218 that indicates whether the previous failure 
was a line failure or a module failure. The type of the previous failure indicates 
the type of failure that is being restored using the protect channel. As mentioned 
previously, although line failures, such as first line failure 404 and second line 
failure 406 typically can be restored on a protect channel 212 or via an optical 
restoration network 1 10, a single module failure 410 often can only be restored 
on a protect channel 212. Therefore, if the new failure is a module failure 410 as 
was determined in step 312 and is illustrated in FIG. 4C, then determining the 
type of the previous failure 404 indicates whether the restoration in use for the 
previous failure 404 can be modified to accommodate the new failure 410. 
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If the type of previous failure is a line failure as is illustrated in FIG. 4C, 
then the OCCS controller 1 1 1 proceeds to step 318 to restore both the previous 
failure 404 and the new failure 410. If the type of previous failure is a module 
failure which is not shown, then OCCS controller 1 1 1 proceeds to step 316 to 
send an alarm because neither the OCCS controller 1 1 1 or the first OCCS 108 can 
restore both the previous failure and the new failure. 

In step 3 16, the OCCS controller 111 sends an alarm to a national network 
management center (NNMC) or other centralized or regional fault reporting 
center to report an unrestorable failure. If the new failure is a module failure, 
such as module failure 410 shown in FIG. 4C, and the previous failure is a 
module failure then two module failures have occurred but only one protect 
channel 212 is available for restoration. Assuming one protect channel is 
available and no other restoration technique can be used to in order to enable the 
optical cross connect 116 to restore the second module failure, the OCCS 
controller 111 sends an alarm to a fault reporting center such as the NNMC to 
report an unrestorable failure. 

The NNMC has staff and computer systems to detect and restore failures 
that cannot be restored with the automated systems in the telecommunications 
network 122. Computer systems in the NNMC may provide restoration 
automatically by rerouting traffic using switching tables within exchanges, such 
as first exchange 104 and second exchange 118. If automated computer systems 
do not automatically provide reroutes, they may provide information to staff that 
manually implements changes to the software to reroute traffic. For example, if 
multiple faults occur on telecommunications cable 113 that cannot be restored, 
either computer systems or staff may modify the switch tables in first exchange 
104 to send the traffic via different communications links until 
telecommunications cable 1 13 is repaired. However, if the failure is limited to 
one second module failure, the NNMC may do nothing or simply block traffic 
from attempting to use the channel 214C that cannot be restored until the channel 
214C is repaired. Often all channels 214 within a telecommunications cable 113 
are not in use so new calls can use the remaining channels 214A, 214B, ... 214n. 
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In step 3 1 8, the OCCS controller 1 1 1 sends a command to the first OCCS 
108 to reroute the previous line failure 404. After the previous line failure 404 
has been rerouted by the first OCCS 108, the OCCS controller 111 sends a 
command to the first LTE 106 to switch the electrical signals that were carried on 
the second failed channel 214C to the protect channel 212 to restore the new 
module failure 410. 

If the OCCS controller 1 1 1 performs step 3 1 8, then in step 3 1 0, the OCCS 
controller 1 1 1 identified that the new failure was a module failure 410 3 and in 
step 314, the OCCS controller 111 retrieved information indicating that the 
previous failure was a line failure 404. As mentioned previously, the scenario of 
a previous first line failure 404 and a new module failure 41 0 is illustrated in FIG. 
4C. If the optical cross connect 1 16 cannot restore single module failures via the 
optical restoration network 110, then the OCCS controller 1 1 1 can only restore 
the new module failure 4 1 0 using the protect channel 212. As a result, restoration 
by the OCCS controller 1 1 1 of both the first line failure 404 and the module 
failure 410 is possible only if the first line failure is rerouted to the optical 
restoration network 1 10 by sending an alarm to the first OCCS 108. 

The OCCS controller 111 sends a command to the first OCCS 108 to 
reroute the previous first line failure 404 via the optical restoration network 110. 
The OCCS controller 1 1 1 may restore any number of line failures by sending 
alarms to the first OCCS 108 which will reroute the electric signals via the optical 
restoration network. In other words, if channels 214A, 214B, and 214D 
experience line failures prior to channel 21 4C experiencing a module failure, each 
line failure would have been restored by the OCCS controller 1 1 1 performing 
earlier steps in the operation of optical termination and cross connect equipment 
301 when each failure was experienced. The result would be that the first line 
failure would be restored on the protect channel 212 by the OCCS controller 1 1 1 
performing steps 304, 306, and 308 and subsequent line failures would be 
restored via the optical restoration network 110 by the OCCS controller 111 
performing steps 306, 309, 310, and 312. However, regardless of the number of 
line failures restored via the optical restoration network 110, when a module 
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failure 410 is detected, if a line failure 404 is restored on the protect channel 212, 
the line failure 404 is rerouted via the optical restoration network 1 10 to make the 
protect channel 212 available to restore the module failure 410. After the line 
failure 404 is restored by the first OCCS 108 via the optical restoration network, 
the first LTE 106 switches the electrical signals that were carried on channel 
214C that experienced the module failure 410 to the protect channel 212. 

The OCCS controller 111 of the present invention is preferably 
implemented using a computer system 502 as shown in block diagram form in 
FIG. 5. The computer system 502 includes one or more processors, such as 
processor 506 connected to bus 504. Also connected to bus 504 is main memory 
508 (preferably random access memory, RAM) and secondary storage devices 
510. The secondary storage devices 510 include, for example, a hard drive 512 
and a removable storage medium drive 514 (such as a disk drive, for example). 

The functionality of the OCCS controller 1 1 1 is preferably performed by 
a computer program that resides in main memory 508 while executing. When 
executing, this computer program enables the computer system 502 to perform 
the features of. the present invention as discussed herein. Thus, the OCCS 
controller 111 represents a controller of the computer system 502 (and of the 
processor 506). Alternatively, the functionality of the OCCS controller 1 1 1 is 
predominately or entirely performed by a hardware device, such as a hardware 
state machine. 

In one embodiment, the present invention is a computer program product 
(such as removable storage medium 516, representing a computer storage disk, 
compact disk, etc.) comprising a computer readable media having control logic 
recorded thereon. The control logic, when loaded into main memory 508 and 
executed by processor 506, enables the processor 506 to perform the operations 
described herein. 

Although the OCCS controller 1 1 1 has been described with respect to an 
exemplary controller and processor, the OCCS controller 1 1 1 is not limited to this 
embodiment. The OCCS controller 111 controls the OCCSs. The OCCS 
controller 1 1 1 may be within an OCCS, such as first OCCS 108 and/or second 



SKGF Ref.No. 1575.2910000 
MCI Ref. No. RIC-97-036 





OCCS 112. Alternatively, the OCCS controller 111 could be within another 
component within the telecommunications network such as first LTE 106 and/or 
second LTE 114. The OCCS controller 1 1 1 is any capability to control one or 
more OCCSs, such as first OCCS 108 and second OCCS 112. 

While various embodiments of the present invention have been described 
above, it should be understood that they have been presented by way of example 
only, not limitation. Thus, the breadth and scope of the present invention should 
not be limited by any of the above-described exemplary embodiments, but should 
be defined only in accordance with the following claims and their equivalents. 
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